example, masking can interfere with the interpretation of gene knockout effects or results from studies involving photic and nonphotic entrainment (e.g., Albers et al., 1982; Mrosovsky, 1989 ; Van der Horst et al., 1999) .
With the notable exception of Mrosovsky and colleagues, few investigators have considered the biological basis of masking. The phenomenon is itself expressed as a circadian rhythm with maximal response early in the subjective night (Redlin and Mrosovsky, 1999b) . In a typical test, animals are exposed to a 1-h light pulse shortly after lights-off, with locomotor activity during the pulse expressed relative to an earlier baseline . Light-induced masking and circadian rhythm phase control are accomplished via photic input pathways involving rod and cone photoreceptors in the outer retina and intrinsically photoreceptive retinal ganglion cells (ipRGCs) in the inner retina Mrosovsky et al., 2001; Mrosovsky and Hattar, 2003; Thompson et al., 2008) . Both masking and circadian rhythm phase control by light can be elicited in the absence of either rods/cones or functional ipRGCs, but not both Panda et al., 2003) . Moreover, both behaviors are eliminated by physical loss of ipRGCs despite functioning rod/cone photoreception (Gõz et al., 2008; Guler et al., 2008; Hatori et al., 2008) .
The prevailing view that phase-shifting effects of light occur only in response to stimulus durations for which there is reciprocity between intensity and duration (Dkhissi-Benyahya et al., 2000; Muscat and Morin, 2005; Nelson and Takahashi, 1991) has been challenged by studies employing millisecond (flash) light stimuli (Vidal and Morin, 2007) . Such stimuli elicit circadian rhythm phase shifts of 60 to 80 min. In hamsters, they also elicit robust masking that endures many minutes beyond the last flash. Flash stimuli that effectively induce both masking and phase shifts also elicit abundant FOS protein induction in SCN neurons (Vidal and Morin, 2007) .
A fundamental issue emerges from the functional and anatomical similarities between the input pathways underlying light-induced masking and circadian rhythm phase shifts. This concerns the separability of the two phenomena because, at the present time, it is not possible to identify a point of divergence in the pathway(s) regulating them. As an initial approach to this issue, we have conducted parametric investigations with flash stimulus patterns to determine how the light-induced locomotor suppression varies with flash number, interflash interval, or when flashes are added to a 5-min masking pulse. The data show that light rapidly elicits locomotor suppression, which continues for many minutes beyond the eliciting stimulus. Analysis of behavior during the interval of reduced locomotion indicates that light-induced sleep is a likely component of the masking response.
MATERIALS AND METHODS
Adult male C57BL/6J mice were purchased from the Jackson Laboratory (Bar Harbor, Me) and housed in individual plastic cages under a 12-h light/12-h dark photoperiod (LD 12:12) with free access to food and water for at least 2 weeks before being assigned to an experiment. All experimental procedures were approved by the Institutional Animal Care and Use Committee of Stony Brook University.
For all experiments, each animal was placed in a 45 × 20 × 20-cm (L × W × H) clear polycarbonate home cage containing sawdust bedding and a 16.5-cmdiameter stainless steel running wheel with an axle that closed a microswitch once per revolution. Some cages had a Coral Plus passive infrared (PIR) detection device (Visonic Inc., Bloomfield, CT) mounted to detect general activity in the cage. Mice were allowed to stably entrain to an LD 12:12 photoperiod at least 7 days before their first test. The running wheel cages were placed on a 5-shelf stainless steel rack, 4 or 5 cages per shelf, with the lowest shelf 20 cm above the floor and 34 cm between shelves.
As indicated below, the entire rack of animals was illuminated during each exposure to the masking stimulus with a theoretical yield of 24 animals per test. However, not all animals generated running records of equivalent quality and, to be included in any analysis involving wheel running, the animal's data on the day of the test were required to meet three criteria: 1) during the 30 min prior to light stimulation, there could be no more than 10 min with zero counts; 2) during the 5 min prior to stimulation, there could be no more than 3 min with zero counts; and 3) the last 2 min prior to stimulation could not both have zero counts. As a result, n = 18 to 24 animals contributed to the data for each group in experiments 1 to 5 below.
Light Stimulation
Light stimuli used for masking were, unless otherwise indicated, initiated 1 h after lights-off (ZT13). All stimuli were white light with unknown spectra. The "flash" stimuli were generated by a DynaLite Flash Head (model 2040; DynaLite, Union, NJ) mounted in an animal colony room and directed at the center of animal cage rack, approximately 2 m across the room. The Dynalite Flash Head was powered by a DynaLite M1000er power supply (DynaLite), the same combination employed previously (van den Pol et al., 1998; Vidal and Morin, 2007) . The duration of each flash was 2 msec, as indicated by the manufacturer's specifications. Unless otherwise stated, the irradiance of each flash was approximately 0.36 J/m 2 (6.5 × 10 11 lux) and the animals were exposed directly to the flashes from the flash head without intervening filters, in accordance with previous procedures. When variation in flash irradiance was necessary, neutral density filters (ND; Filmtools, Burbank, CA) and a leaf diaphragm were placed in the light path. Irradiance levels for all experiments were verified with a Gigahertz-Optik P-9710 photometer (Newburyport, MA) that has the capability of measuring millisecond light stimuli. When light "pulses" (5 min, in these studies) were employed, the source was a 100-W incandescent reflector bulb (Ge type 6e) with an irradiance of about 40 mW/cm 2 (78 lux) in each cage. Light levels, measured immediately in front of each cage with the photodetector facing the source, did not vary by more than 2% of the value measured in front of the cage most directly in line with the light source. The animal housing room was painted white.
Timing and number of light stimuli were computer controlled using custom software. In addition, no attempt was made to ensure that each animal was exposed to the photic stimuli in an identical manner. Thus, if an animal faced away from the light source or had its eyes closed, the actual stimulus reaching the retina would differ from the measured value and contribute to the experimental variability. In a typical experiment, the flash-control computer would be set to initiate flashes at ZT13 on the current or next day. Pin photodiodes monitored the actual occurrence of each flash or other light stimulus and, when activated, sent a signal to the data collection computer.
Locomotor Data Collection and Reduction
each rotation of the running wheel or movement within the field of the PIR device closed a switch. Closure was detected by the data collection computer via custom software (WinCollectRT written by Glenn Hudson, Stony Brook University), which was also used for data reduction and export. Running records were plotted in typical raster format for visual evaluation after reducing the daily 1440 min of data to 288 bins of 5 min, with activity indicated if the number of wheel revolutions exceeded zero. PIRdetected activity was similarly plotted. However, the activity counts only registered about 1% to 2% of the activity detected by the running wheel, a difference probably attributable to the small size of the mice. PIR-detected counts provide a good index of general activity and departure from that level, but unlike the running wheel data, do not accurately reflect total distance moved in the cage.
For analysis of masking, the 1440-min data day of interest was exported to a spreadsheet where the data set for each animal per test group was reduced to 150 min (30 min before stimulus onset [the "baseline"] and 120 min after, with the time of light indicated by the pin photodiode signal). This was further modified for analysis as needed. The computer clock controlling stimulus timing was not electronically synchronized with the data collection computer clock. This, plus the use of 1-min bins for data collection, limited wheel running detection relative to stimulus onset to about 1 min of resolution.
Assessment of Masking
Two methods were most useful. The first consisted of a pictorial representation of relative locomotor activity level before, during, and after various stimulus presentations. To obtain the pattern of masking for a particular test group, the median number of wheel revolutions per minute of the baseline was calculated for each animal. For each 5-min interval thereafter, the median wheel revolutions per minute were obtained, with this value expressed as a percentage of the baseline. This method provided a clear indication of both individual and group performance across time, but was not particularly conducive to statistical analysis because of the repeated measure variable and the frequent need for nonparametric statistical analysis. The second method combined both the effect of the stimulus on the amount of locomotion with the temporal characteristic of such an effect. This method simply summed the number of minutes, for each animal in a particular group, during which the wheel revolutions were equal to zero, referred to as "zero minutes." Unless stated otherwise, the summation of zero minutes began with the onset of the stimulus and continued for 30 min. If the data violated either a normality or equal variance test, nonparametric statistics were used (Kruskal-Wallis one-way analysis of variance by ranks and Dunn's test for post-hoc analysis). Otherwise, parametric analysis of variance was followed by Bonferroni tests. Statistics were calculated with SigmaStat version 3.0.1 (Systat Software, San Jose, CA).
Preliminary Study: Flashes Induce Phase Shifts and Masking in Mice
Mice entrained to LD12:12 were moved into constant dark (DD). After 7 days of DD, they were exposed to 10 flashes equally spaced over 5 min beginning at approximately circadian time 13 (CT13). This was followed by an additional 2 weeks in DD. Phase shift magnitude and masking were both assessed as responses to the identical stimulus. Phase shift magnitude was measured using documented methods (Muscat and Morin, 2005) . In brief, a line was eye fitted through activity onsets for least 5 days prior to the stimulus and through onsets for at least 5 days afterward. Phase shift magnitude was calculated as the time difference between the two lines, measured on the day the stimulus was presented.
Experiment 1: Flash Number and Interflash Interval Vary
Light flashes (0, 1, 2, 3, 4, 5, 10, 20, or 100 per group) were delivered over 300 sec with the interflash interval (IFI) for more than 1 flash calculated as 300 sec/ (N-1 flashes). Masking was assessed with respect to the number of flashes in the series.
Experiment 2: Flash Number Varies; Interflash Interval Is Constant
Mice were exposed to 0, 1, 2, 4, 5, 10, or 20 flashes beginning at ZT13. The IFI was fixed at 16 sec for all groups receiving 2 or more flashes and the effect of flash number on masking was assessed.
Experiment 3: Flash Number Is Constant; Interflash Interval Is Short
Mice were exposed to 10 flashes with IFI set to 0.5, 1, 4, 8, or 16 sec; a 5-min light pulse group was also included. The IFI of 0.5 sec was the shortest possible with this device. The effect of short IFIs on masking was determined.
Experiment 4: Flash Number Is Constant; Interflash Interval Is Long
Mice were exposed to 10 flashes with IFI set to 30, 60, 120, 240, or 480 sec (corresponding to total stimulus series delivery times of 4. 5, 9, 18, 36, and 72 min, respectively) . The effects of these long IFIs on masking were measured.
Experiment 5: Flash Number and Prolongation of Masking
Mice were exposed to a 5 min-light pulse beginning at ZT13. Based on data from experiment 2 showing the time course of wheel running recovery after a 5-min pulse, mice were exposed to 0, 1, 2, 4, 5, 10, or 20 flashes beginning at ZT1325 (IFI = 16 sec), while masking magnitude was still maximal.
Experiment 6: Change in Behavior Associated with Masking
Despite broad knowledge about the effects of acute nocturnal light on phase shifting or masking, there is little explicit information concerning light-induced change in other behavior. In this experiment, mice (n = 9) were exposed to 10 flashes delivered over 5 min while having access to a running wheel, with locomotion simultaneously monitored by PIR. A second test included measurement of locomotion only by PIR (the running wheel was locked).
Mice (n = 6) with access to running wheels and exposed to the same stimulus series were also videotaped under infrared illumination. The video was subsequently viewed and the behavior transcribed using ethoLog software (Ottoni, 2000; http://www. ip.usp.br/ebottoni/ethoLog/ethohome.html). The behaviors monitored were sleep posture, holding still, grooming, eating, drinking, scratching/digging, rearing, climbing, walking around the cage, running around the cage, or running in the wheel. The sleep posture consists of no gross movements, few fine muscle twitches, hunched or curled posture with no limb or head resisting gravity (Bergmann et al., 1987) .
RESULTS

Preliminary Study
The stimulus series of 10 flashes administered to mice (n = 28) at equal intervals across 5 min beginning at CT13 induced immediate suppression of wheel running and robust phase delays of the circadian locomotor rhythm (Fig. 1 ). Mean phase delay was 2.2 ± 0.2 h (median = 2.4 h, 25%ile = 1.5 and 75%ile = 2.9 h). Masking, as indicated by the number of "zero minutes" during the 60 min after the initial flash averaged (SeM) 45.4 ± 2.1 min (median = 45.0 min, 25%ile = 39.0 and 75%ile = 55.5 min). This study also demonstrated that masking studies of freerunning animals are much more difficult to conduct than when animals are entrained. There is a substantially greater likelihood of various types of experimental error and studies take much longer to complete. Therefore, all experiments proper were performed on mice held in LD conditions.
Experiment 1: Flash Number and Interflash Interval Vary
There was a strong effect of flashes on wheel running suppression when both flash number and IFI were allowed to vary ( Fig. 2A ; p < 0.001, Kruskal-Wallis one-way ANOVA on ranks), as indicated by the number of zero minutes. Suppression was maximal in mice exposed to 10 or more flashes. The large variability in response to 2 to 5 flashes suggests an effect of those flashes that may be related to individual sensory or response differences. Dark control mice were exposed to the identical conditions as the other groups, except that the flash head was covered with opaque material. Control mice in this and other experiments typically had about 6 to 8 min with no wheel running. These minutes were scattered and not in a single block beginning in association with stimulus presentation. The results show that only a few flashes are necessary to suppress wheel running for a prolonged period (implicit in the measure of total zero minutes).
Experiment 2: Flash Number Varies; Interflash Interval Is Fixed
In experiment 1, flash number and IFI covaried. The present experiment showed that the extent of light-induced wheel running suppression, as indicated by the zero minutes measure, varied significantly with the number of flashes when the IFI was fixed at 16 sec ( Fig. 2B ; p < 0.001, Kruskal-Wallis oneway ANOVA on ranks) and reached its maximal level after only 4 flashes. This experiment was not conducted simultaneously with experiment 1, precluding a direct statistical comparison. However, the results appear to indicate that small numbers of flashes effectively suppress wheel running if the interval between the flashes is optimal.
Experiment 3: Flash Number Is Fixed; Interflash Interval Is Short
experiments 1 and 2 addressed the issue of how nocturnal wheel running is affected by flash number. Here, the number of flashes was held constant (10) in order to determine the effects of short IFIs. The results are plotted ( Fig. 3) to show the onset, duration, and recovery of wheel running suppression consequent to the flash stimuli. All stimulus patterns rapidly induced suppression, which was maximal about 10 min after stimulus onset. Time to recovery varied with the IFI, as longer IFIs yielded more prolonged suppression of wheel running. Ten flashes delivered with a 16-sec IFI elicited a response of maximal magnitude and with a duration that was virtually identical to that caused by a 5-min light pulse.
Experiment 4: Flash Number Is Fixed; Interflash Interval Is Long
Whereas experiment 3 determined that extent of wheel running suppression diminished as the IFI dropped from 16 sec to 0.5 sec, the present study was conducted to study whether wheel running suppression also declined as the IFI increased beyond 16 sec. The results show (Fig. 4A ) that, although there was an overall effect of longer IFIs on magnitude, duration or both magnitude and duration of wheel running (p < 0.001, Kruskal-Wallis ANOVAs), the effect was not evident until IFI exceeded 120 sec. All flash series, except the 480-sec IFI group, yielded maximal wheel running suppression by 10 min. The 480-sec IFI group ran significantly more during the 30-min period following the first flash (p < 0.05 vs. each of the other groups). With IFI = 240 sec, flashes were presented over a 36-min interval, but suppressed wheel running lasted to about 50 min. It was present in diminished form when IFI was extended to 480 sec (flashes distributed over 72 min), with running averaging about 22% of baseline with large variability.
When the data from mice exposed to long IFIs were plotted relative to the time of the last flash in the series (Fig. 4B) , an orderly recovery progression was evident. Recovery latency was longest for the stimulus patterns that most effectively induced suppression of wheel running.
Experiment 5: Flash Number and Prolongation of Wheel Running Suppression
The present study sought to determine whether the effect of stimulus that elicited a large and prolonged decrease in wheel running could be augmented by subsequent presentation of another light stimulus. A 5-min light pulse suppressed wheel running and additional light flashes occurring 25 min after onset of the light pulse increased the duration of suppression (Fig. 5 ). As more light flashes were added, the suppression duration (as indicated by the number of zero minutes during the 40 min interval from the first flash; 40 min was selected because this encompassed nearly all the minutes with zero activity of all groups) correspondingly increased (ANOVA, p < 0.001). Two additional flashes significantly increased the number of zero minutes (p < 0.05, Bonferroni test). As is evident in Fig. 5 , 20 added flashes did not significantly augment the extent of wheel running suppression relative to that induced by 10 added flashes. The results are consistent with the view that during the interval of light-induced wheel running suppression, mice are not refractory to additional locomotor-suppressing effects of light.
Experiment 6: Change in Behavior Associated with Masking
"Masking" has typically been studied in nocturnal rodents by evaluating change in the amount of wheel running in response to a stimulus. In this experiment, more general change in locomotion was behavioral sleep (Fig. 6C ). Assumption of the sleep posture had a mean latency of 10.14 ± 1.09 min (from the initial flash) and was maintained for an average 25.15 ± 3.82 min. Thus, the total "masking" time of quiescence plus apparent sleep time averaged about 35 min. An edited video clip illustrating the transition from highly active to adoption of the sleep posture is available as online supplementary material.
DISCUSSION
The present data support the view that "masking" consists of a change in behavioral state that is accomplished over relatively few minutes as animals transition from being highly active to showing behavioral sleep. This transition, while initiated in response to light, is not contingent upon the continued presence of light. A prime index of masking, light-induced suppression of locomotion, shows that only a few milliseconds of light exposure produces a drop in locomotion equivalent in magnitude and duration to that induced by a much longer light pulse. Moreover, the results indicate that the duration of locomotor suppression can be substantially prolonged by lengthening the interval between flashes. The neural processes governing "masking" may also underlie the phenomenon of light-induced sleep Lupi et al., 2008) . Patterns of flash stimuli that effectively induce suppression of mouse locomotion are similar to those that effectively elicit large hamster phase shift responses (Vidal and Morin, 2007) , raising the possibility that these two phenomena also share common control mechanisms. Redlin and Mrosovsky (1999b) noted that, in some masking studies, locomotion often remains suppressed well after the light is turned off. That observation is consistent with the present results, which emphasize the fact that locomotor suppression, whether induced by a few flashes or a 5-min light pulse, remains functional for about 25 to 30 min in the absence of further light. examined using PIR detection of locomotion. In response to 10 flashes delivered over 5 min, both general locomotor activity, and simultaneously monitored wheel running, abruptly decreased and showed the expected prolonged reduction (data not shown). General locomotor activity assessed in mice lacking a running wheel also showed an expected abrupt decrease in locomotion with a prolonged duration. The data are not shown, but are very similar to the results obtained with running wheels from the 16-sec IFI group (as in Fig. 3) .
Masking
Video analysis verified that light flashes do not induce freezing, seizures, or other unexpected behaviors. Rather, light onset during wheel running or nonwheel locomotion (Fig. 6A) was almost immediately followed by reduced activity, especially horizontal movement, which initiated an interval of quiescence. During this interval, mice either sat quietly, groomed (Fig. 6B) , or engaged in an alternating mix of both behaviors. either behavior, or the mix, had a median duration of 181 sec (25%ile = 51.2 sec and 75%ile = 203.7 sec). The mice spent an average 6.3 ± 3.0 % of the time engaged in wheel running during the interval. The quiescent phase ended with each mouse assuming a posture consistent with
The current experiments also reveal that lightinduced locomotor suppression has several properties. "Magnitude" reflects the maximal extent to which locomotion is inhibited. For example, Figure 2 shows that the magnitude varies greatly according to the number of flashes delivered. Magnitude effects have been studied using 1-h light pulses Redlin et al., 1999) , but the pulses in such experiments obscure any difference between acute and longer term effects of photic stimulation. Figure 3 illustrates the property of "duration," which is defined as the time from first light exposure to the return to 100% of baseline. The variable, "zero minutes," which is the number of minutes with zero wheel revolutions, is correlated with both duration and magnitude. It is readily quantifiable and proved to be quite useful for the analysis in several of the present studies. A third property, "latency," could not be satisfactorily measured in the present studies because wheel running does not provide sufficient resolution. However, it can be inferred that latency for most animals is likely to be 5 min or less (e.g., Fig. 3 ).
There is no information regarding the extent to which the three properties of light-induced locomotor suppression are correlated with phase shift responses to the same stimuli or whether the two types of responses covary with stimulus intensity, wavelength, or circadian rhythm phase. Such information might allow more complete understanding of the mechanistic relationship between light-induced locomotor suppression and phase shifts. At the present time, it is impossible to distinguish effects of light on the SCN circadian clock cells and SCN cells controlling light-induced suppression of locomotion. The phasedependent effect of light is one of the defining characteristics of circadian rhythm phase control. Light suppression of locomotion is also phase dependent (Redlin and Mrosovsky, 1999b ; note that the methods necessary to demonstrate this phase dependence are substantially different from usual procedures for detection of masking), but only to the extent that magnitude of response suppression varies according to circadian time. Unlike the effects of light on circadian 5, 9, 18, 36, and 72 min after the first for  30-, 60-, 120-, 240-, and 480-sec IFI groups, respectively. rhythms, there is nothing equivalent to a light-type phase response curve with a masking "dead zone" or a cross-over point at which a response to light abruptly changes from negative to positive masking.
Masking and Sleep
The present video analysis of behavior shows that flash-induced masking is a two-stage process. The initial stage, lasting for about 10 min, starts with a rapid change from a highly active state into a state of behavioral quiescence. The second stage (about 25 min) is spent immobile, as if asleep. The latency to behavioral sleep is consistent with the time to sleep onset during prolonged light exposure, as inferred from eeG records (Lupi et al., 2008) . Light-induced behavioral quiescence may represent a required step that causally progresses to the sleep state Lupi et al., 2008) . Alternatively, light might simply induce a state of relative inactivity that is conducive to sleep, but not causal of it.
In previous investigations, light-induced sleep was studied in mice exposed to light for several hours without simultaneous measurement of sleep and locomotion. The authors of one study observed that, unlike masking, sleep cannot be stimulated by rod/cone photoreception (Lupi et al., 2008) . They concluded that masking and light-induced sleep must be separate processes because of the apparent difference in the photoreceptors mediating the two responses. On the other hand, light-induced sleep may very well be mediated by both rod/cone and ipRGC photoreception , leaving open the possibility that a common substrate mediates both light-induced sleep and masking. Regardless of which photoreceptors contribute to the two responses, under some lighting conditions, sleep and masking may be differentially regulated .
Given the present video observations revealing the sequence of events during the interval of light-induced locomotor suppression and the published data on light-induced sleep, it may be that "masking" is an outmoded term. It implies that something has been "concealed" by light, when the opposite appears to be the case (light during the night appears to induce a state change). "Masking" may have a more limited application strictly in reference to the extent to which locomotion is light suppressed. On the other hand, the present video and published eeG Lupi et al., 2008) evidence demonstrating light-induced sleep is a subject that requires further study to determine precisely which photic input pathways mediate behavioral change and how millisecond light exposure converts animals from aroused/active to quiescent/ sleepy/asleep. Because even brief light exposure induces a sequence of behavioral quiescence followed by sleep, the term "photosomnolence" more accurately reflects the state change that occurs and endures across the entire interval of locomotor suppression.
Light Input Pathways for Masking and Phase Shift Responses Are Similar
The anatomical photic input pathways that mediate masking and circadian rhythm phase shifts are very similar, if not identical. Both masking and phase shift responses can be induced via rod/cone or ipRGC photoreception Mrosovsky et al., 2001; Mrosovsky and Hattar, 2003; Thompson et al., 2008) . Rod/cone effects on both responses requires photic information to be transmitted through ipRGCs (Gõz et al., 2008; Guler et al., 2008; Hatori et al., 2008) , with or without melanopsin photopigment present, and to the SCN via the retinohypothalamic tract (RHT) (Baver et al., 2008; Gooley and Saper, 2003; Hattar et al., 2006; Morin et al., 2003; Sollars et al., 2003) . It is parsimonious to conclude that, on basic neuroanatomical grounds, the identical input pathway mediates both phase shift and masking responses to light. Functionally, RHT transection eliminates rhythm entrainment and may also block masking (Johnson et al., 1988) . SCN lesions abolish both rhythmicity and entrainment (Rusak, 1977) , while rhythm restoration via embryonic SCN transplant restores neither entrainment or apparent masking effects (Lehman et al., 1987) . Published studies of SCN lesion effects on masking are contradictory (masking retained- Redlin and Mrosovsky, 1999a; masking lost-Li et al., 2005) . Destruction of other parts of the visual system (visual cortex, superior colliculus, and pretectal nuclei, Redlin et al., 2003; dorsal lateral geniculate, edelstein and Mrosovsky, 2001; Redlin et al., 1999;  intergeniculate leaflet and ventral lateral geniculate, Redlin et al., 2003; Redlin et al., 1999) do not eliminate negative masking (all but the visual cortex receive input from ipRGCs; Hattar et al., 2006) . Collectively, the functional anatomy investigations support the premise that the RHT and SCN mediate both light-induced circadian rhythm phase shifts and masking.
Masking and phase shifting also share substantial similarities with respect to their responsiveness to light. Their amplitudes have similar sensitivities to the intensity of the stimulus (Dkhissi-Benyahya et al., 2000; Mrosovsky et al., 1999; Muscat and Morin, 2005; Nelson and Takahashi, 1991; Redlin and Mrosovsky, 1999b; Thompson et al., 2008) . They are readily elicited by millisecond light stimuli (present data and van den Pol et al., 1998; Vidal and Morin, 2007) . Specific flash patterns elicit masking and phase shifting responses that are remarkably similar (e.g., responses to flash number or IFI, plus a shared failure to show normal light energy integration (present data and Vidal and Morin, 2007) . Therefore, the basic and functional neuroanatomical perspectives support the view derived from the behavioral analysis that the underlying photic input pathway to, and probably including, the SCN is likely to be the same for photic regulation of masking and phase shift behavior. Similar logic would also argue for the inclusion of melatonin regulation by light as being under control by the same photic input pathway (see Redlin, 2001) .
It should be noted that the ability of rodents to integrate light pulse energy over time (3 sec to 1 h) is well established for phase shift response. The present data demonstrate that the continued presence of light is not required for a robust suppression of locomotion. Therefore, a test of light energy integration for masking should be possible and, if the principle of light energy integration applies, should yield reciprocity data similar to what have previously been observed for phase shifting (Dkhissi-Benyahya et al., 2000; Muscat and Morin, 2005; Nelson and Takahashi, 1991) . An absence of such reciprocity might provide a clue as to the point of divergence between the systems governing photosomnolence and phase shifting.
SUMMARY
The present studies use patterns of millisecond light flashes or short light pulses to show that locomotor suppression is rapidly induced, then maintained in a prolonged fashion absent additional light. evaluation of mouse behavior recorded with infrared video methods shows that the effects of light are twofold. The initial light exposure rapidly induces an interval of behavioral quiescence that gives way to a more prolonged period during which animals maintain a posture typical of sleep. The results are consistent with prior data showing that eeG-detected sleep is induced in mice exposed to prolonged light. Use of brief light stimuli may simplify sleep studies by giving investigators greater control over the sequence of events. With respect to the phenomenon of light-induced locomotor suppression known as "masking," the data suggest that it may be more profitably considered to reflect a sequence of events involving light-induced activity reduction that is followed by sleep onset and maintenance. The extent to which the steps in this sequence are causally linked remains to be determined. In addition, light controls locomotor suppression and phase shifts through very similar, if not identical, anatomical input pathways and the two responses appear to be similarly regulated by particular patterns of flash stimuli. The point in the regulatory pathway at which there is divergence between the mechanisms controlling phase shifts and those yielding locomotor suppression also remains to be determined.
